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(54) Data communication apparatus and method with antennas diversity 


(57) Received signal provided via plural antennas 
101 are memorized in memory 102. First weight control- 
ler 1 03 calculates the first weights by which the received 
signals are weighted, and second weight controller 104 
calculates the second weights using the received sig- 
nals. Multipliers 107 and 108 multiply the memorized 
received signals by the first weights, while multiply the 
memorized received signals by the second weights 
when a channel quality of radio signals deteriorates due 
to a change of the radio signal's direction of arrival . 
Adder 109 synthesizes the multiplication results. Prcpa- 
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gation path distortion compensator 110 estimates a 
deterioration of the channel quality using synthesis 
result to compensate. Detector 111 detects the com- 
pensation result that is used as a parameter to calculate 
the first and second weights, which allows the appara- 
tus to receive radio signals without deteriorating recep- 
tion qualities when the channel quality deteriorates 
rapidly due to the change of the radio signal's direction 
of arrival. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a data commu- 
nication apparatus and data communication method 
used in a digital radio communication system using a 
CDMA (Code Division Multiple Access) system and so 
on. 

Description of the Related Art 

[0002] Conventionally, in a data communication 
method, a plurality of received signals provided from a 
plurality of antennas are synthesized by multiplying 
each received signal by weights . This processing forms 
the reception directivity and suppresses unnecessary 
signals to prevent reception performance from deterio- 
rating. 

[0003] As a configuration of such antennas, there is 
an adaptive array antenna apparatus. Since the adap- 
tive array antenna apparatus has a function to cancel an 
affect of multi-path fading and so on, it can reduce a 
communication performance deterioration caused by 
interference and multi-path propagation in radio signal 
environments of mobile communications. As the 
number of antennas in the adaptive array antenna, 2 to 
10 antennas are usually applied, however 2 to more 
than 1,000 antennas are sometimes applied. 
[0004] FIG. 1 is a block diagram illustrating a configu- 
ration of a conventional data communication apparatus. 
In FIG.1, signals received at plural antennas 1 are sub- 
jected to a predetermined radio reception processing, 
then input to weight controller 2 and multipliers 3 and 4. 
[0005] Weight controller 2 calculates weights , by 
which the plurality of signals received at plural antennas 
1 are weighted, corresponding to electric field intensi- 
ties and the phase of received signals and outputs the 
calculated weights to multipliers 3 and 4. In addition, 
directions from which racfio signals are transmitted, i.e., 
the radio signal's direction of arrival are estimated by 
calculating the weights. 

[0006] Multipliers 3 and 4 multiply the received signals 
by the weights. Adder 5 adds the multiplication results in 
multipliers 3 and 4 and outputs the addition result to 
propagation path distortion compensator 6. 
[0007] Propagation path distortion compensator 6 
estimates a radio signal distortion caused in a propaga- 
tion path using the addition results, compensates the 
estimated distortion, and outputs the received signals 
subjected to the distortion compensation to weight con- 
troller 2 and detector 7. 

[0008] Detector 7 detects the received signals sub- 
jected to the distortion compensation and outputs the 
detected results as received signals to a received signal 
processing circuit (not shown), while outputs weights to 


synthesize the received signals provided via plural 
antennas 1 to weight controller 2 to update a parameter 
of weight controller 2. 

[0009] However, in the above conventional data com- 
s munication apparatus, in the case where a channel 
quality deteriorates by a rapid change of the radio sig- 
nal's direction of arrival and so on, other antenna syn- 
thesis weights are calculated. At this time, the channel 
quality deteriorates when a value obtained before the 
10 racfio signal is switched is used because incoming direc- 
tions of arrival are different. Hence, weight controller 2 
can not use the value obtained before the radio signal is 
switched as an initial value. . Therefore an initial synthe- 
sis of received signals after the radio signal is switched 
15 should be performed without directivity. Hence desired 
racfio signals are affected by interference signals of the 
same channel transmitted from different directions, 
thereby deteriorating the reception performance. 

20 SUMMARY OF THE INVENTION 

[001 0] An object of the present invention is to provide 
a data communication apparatus and data communica- 
tion method capable of receiving radio signals without 
25 deterioration of reception performance even in the case 
where an radio signal's direction of arrival changes rap- 
idly. 

[001 1 ] This object is achieved by a data communica- 
tion apparatus comprising plural antennas, a memory 

30 section for memorizing received signals provided via the 
plural antennas, a first weight control section, using the 
memorized received signals, for calculating first weights 
by which the received signals provided via the plural 
antennas are weighted to synthesize, a second weight 

35 control section for calculating second weights using the 
received signals provided via the plural antennas, a 
multiplying section for multiplying the memorized 
received signals by the first weights, while multiplying 
the memorized received signals by the second weights 

40 when a channel quality of radio signals deteriorates, an 
adding section for synthesizing the multiplication result, 
a compensating section for estimating a deterioration of 
the channel quality of radio signals using the synthesis 
result to compensate, and a detecting section for 

46 detecting the compensation result to output as a param- 
eter to calculate the first and second coefficients to the 
first and second weight control sections. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

[0012] 

FIG.1 is a block diagram illustrating a configuration 
of a conventional data communication apparatus; 
55 FIG.2 is a block diagram illustrating a configuration 
of a data communication apparatus according to 
the first embodiment of the present invention; 
FIG.3 is a block diagram illustrating a configuration 
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of a propagation path distortion compensator of the 
data communication apparatus according to the 
first embodiment of the present invention; 
FIG.4 is a diagram illustrating a slot configuration of 
received signals provided via plural antennas; s 
FIG.5 is a block diagram illustrating a configuration 
of a data communication apparatus according to 
the second and third embodiments of the present 
invention; 

FIQ.6 is a block diagram illustrating a configuration 
of a data communication apparatus according to 
the fourth embodiment of the present invention; 
FIG.7 is a block diagram illustrating a configuration 
of an antenna synthesis receiver in the data com- 
munication apparatus according to the fourth and 
fifth embodiments of the present invention; and 
FIG.8 is a block diagram illustrating a configuration 
of the data communication apparatus according to 
the fifth, sixth and seventh embodiments of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] The embodiments of a data communication 
apparatus and a data communication method are 
explained below with reference to attached drawings. 

(First embodiment) 

[0014] FIG.2 is a block diagram illustrating a configu- 
ration of a data communication apparatus according to 
the first embodiment of the present invention of the 
present invention. In FIG.2, plural antennas 101 com- 
posed of n numbers of antennas are to receive incom- 
ing radio signals. Memory 102 is to memorize received 
signals provided via plural antennas 101, for example, 
FIFO (First In First Out) memory is used. 
[0015] First weight controller 103 calculates weights, 
using previous received signals at plural antennas 101 
(for example, one slot before) memorized in memory 
102. corresponding to electric field intensities and the 
phase of received signals. 

[0016] Second weight controller 104 calculates opti- 
mal weights for the received signals provided via plural 
antennas 101 that are memorized in memory 102, using 
current received signals at plural antennas 101 when 
propagation path switching instruction signal 106 is 
input. 

[0017] Switch 105 switches first and second weight 
controllers 103 and 104 corresponding to propagation 
path switching instruction signal 106. Multipliers 107 
and 108 multiply the received signals output from mem- 
ory 1 02 by the weights obtained in first weight controller 
1 03 or second weight controller 1 04, where the weights ss 
are input via switch 1 05. 

[0018] Adder 109 adds the multiplication results of 
multipliers 107 and 108, and outputs the addition result 


to first and second weight controllers 103, 104 and 
propagation path distortion compensator 110. 
[001 9] Propagation path distortion compensator 1 1 0 
estimates a radio signal distortion caused in the propa- 
gation path using the addition results, compensates the 
estimated distortion, and outputs the received signals 
subjected to the distortion compensation to weight con- 
trollers 103, 104 and detector 111. 
[0020] Detector 1 1 1 detects the received signals sub- 
jected to the distortion compensation and outputs the 
detected results as received signals to a received signal 
processing circuit (not shown), while outputs the detec- 
tion result to first and second weight controllers 1 03 and 
104 as a parameter to update weights. 
[0021] In the constitution described above, the signals 
received at plural antennas 101 are once memorized in 
memory 102 then output to first weight controller 103. 
The weights, by which the received signal is weighted, 
output from memory 102 is thus calculated. In this case, 
switch 105 selects first weights controller 103 according 
to propagation path switching instruction signal 106. 
[0022] By this selection, the weights obtained in first 
weight controller 103 input via switch 105 is multiplied 
by the received signal output from memory 102 in multi- 
pliers 107 and 108. The multiplication results are added 
in adder 1 09, then the addition result is output to the first 
and second weight controllers 103, 104 and propaga- 
tion path distortions compensator 110. 
[0023] Hereinafter, the processing of propagation path 
distortion compensator 1 10 is explained with reference 
to its configuration illustrated in FIG.3. Propagation path 
distortion estimation circuit 201 estimates a propagation 
path distortion of the addition result using the pilot sig- 
nals in or envelop information, and outputs the esti- 
mated propagation path distortion to propagation path 
distortion compensation circuit 202, and first weight 
controller 103 and second weight controller 104. 
[0024] Propagation path distortion compensation cir- 
cuit 202 compensates the propagation path distortion 
estimated by propagation path distortion estimation cir- 
cuit 201 to output to detector 111. Detector 1 1 1 detects 
the compensated received signal and outputs the 
detection result as the received signal to a received sig- 
nal processing circuit (not shown), while outputs the 
detection result to first and second weight controllers 
103 and 104 as a parameter to update the weights. At 
this time, it is preferable to output a signal of propaga- 
tion path distortion compensation output from propaga- 
tion path distortion compensator 110 to the received 
signal processing circuit to improve error correction per- 
formance. 

[0025] At this time, first weight controller 1 03 performs 
the estimation of incoming direction based on pervious 
slot information because the received signal to be sub- 
jected to the estimation was once memorized in mem- 
ory 102. 

[0026] For example, in the case where signals are 
received at plural antennas 101 according to the order 
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of Slot 300. Slot 301 , Slot 302 and Slot 303, one slot of 
them is memorized in memory 102 according to the 
order. It is preferable that memory 102 has a memory 
capacity of plurality of slots. 

[0027] In this case, at the time when antenna 101 
receives Slot 301 , first weight controller 103 has already 
calculated the weights based on information on Slot 300 
memorized in memory 102. At this time, multipliers 107 
and 108 multiply the received signals output from mem- 
ory 102 by the weights calculated based on Slot 300. 
[0028] It is assumed that the channel quality deterio- 
rates by a rapid change of radio signal's direction of 
arrival and so on at the reception time of Slot 302. Then 
propagation path switching instruction signal 106 is 
input to switch 105 from the external. At this time, the 
channel quality is obtained by measuring SNR (Signal 
to Noise Ratio), reception power, etc.. Accordingly it is 
possible to obtain propagation path switching instruc- 
tion signal 106 from the external when the radio signal's 
direction of arrival is changed rapidly. 
[0029] In other words, switch 105 to which propaga- 
tion path switching instruction signal 106 is input per- 
forms the switching to connect second weight controller 
1 04 to multipliers 1 07 and 108. And second weight con- 
troller 104 calculates the weights from Slot 302, while 
first weight controller 103 concurrently calculates the 
weights from Slot301 memorized in memory 102. 
[0030] At this time, since second weight controller 1 04 
can obtain the content of Slot 302 earlier than first 
weight controller 103, second weight controller 104 cal- 
culates the weights on Slot 302 earlier than first weights 
controller 103. 

[0031] Thus, at the reception time of Slot 303, multipli- 
ers 107 and 108 multiply Slot 302 output from memory 

1 02 by the weights obtained in second weight controller 
1 04 based on Slot 302, and adder 109 adds the multipli- 
cation results. 

[0032] Further, at the reception time of Slot 303, 
switch 105 switches to first weight controller 103 again. 
It is otherwise preferable to perform the switching by 
next propagation path switching instruction signal 106. 
[0033] At the time of this switching, first weight control- 
ler 103 uses the weights calculated by second weights 
controller 104. First weight controller 103 calculates the 
weights again with respect to Slot302, and updates the 
weights continuously with respect to the following 
receptions. 

[0034] Meanwhile, in the case where switching has 
not been performed until next propagation path switch- 
ing instruction signal 106 is input, first weight controller 

103 continues to update the weights using the weights 
in second weight controller 104. 

[0035] In addition, it is preferable for saving power 
consumption that to stop an operation of first weight 
controller 103 or second weight controller 1 04 that is not 
necessary to operate, or until next propagation path 
switching instruction signal 106 is input from the exter- 
nal. 


[0036] In the case where the channel quality deterio- 
rates by a rapid change of the radio signal's direction of 
arrival and so on, it is thus possible in the first embodi- 
ment that to calculate in advance in second weight con- 
s' troller 104 the weights to be used after the radio signal's 
direction of arrival is changed, before the addition of 
multiplication results of received singles provided via 
plural antennas by the weights to synthesize the 
received signals, thereby making it possible to receive 
10 radio signals without deteriorating the reception prop- 
erty even in the case where the channel quality deterio- 
rates rapidly. 

[0037] In addition, it is designed to operate either of 
first weight controller 103 or second weight controller 
is 104 that is necessary when an usual state or when the 
radio signal's direction of arrival changes rapidly, 
thereby saving power consumption. 

(Second embodiment) 

20 

[0038] FIG.5 is a block diagram illustrating a configu- 
ration of a data communication apparatus according to 
the second embodiment In addition, some sections in 
the second embodiment illustrated in FIG.5 are 
25 assigned the same symbols as those of corresponding 
sections in the first embodiment illustrated in FIG.2 and 
its explanation is omitted. 

[0039] The different configuration of data communica- 
tion apparatuses between in the first embodiment illus- 

30 trated in FIG.2 and the second embodiment illustrated 
in FIG.5 is that first weight controller 103, second first 
weight controller 104, and switch 105 illustrated in FIG.2 
are replaced with a weight controller composed of one 
circuit that is indicated by 401 in FIG.5. 

35 [0040] In this configuration, as illustrated in FIG.4, at 
the time of receiving Slot 301, since received signals 
are once memorized in memory 302, weight controller 
401 calculates weights based on information of a previ- 
ous slot, i.e., Slot 300. 

40 [0041 ] For example, in the constitution where a mem- 
ory capacity of memory 102 is for one slot, at the time 
Slot 301 is input to memory 102, weight controller 401 
controls the weights based on the information of Slot 
300 and multipliers 107, 108 and adder 109 also multi- 

45 ply Slot 301 by the weights generated based on Slot 
300. 

[0042] In the case where a radio signal's incoming 
direction changes rapidly at the time of receiving 
Slot302, propagation path switching instruction signal 

so 106 is input to weight controller 401 from the external. 
At this time, weight controller 401 does not update the 
weights using information of Slot 301 memorized in 
memory 102, and outputs the weights (fixed value) cal- 
culated based on Slot 300 that is the previous one to 

55 multipliers 1 07 and 1 08. 

[0043] During the period, weight controller 401 calcu- 
lates the weights using information of Slot 302 input 
from plural antennas 101 directly not via memory 102, 
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and outputs the weights calculated using the informa- 
tion of Slot 302 input from plural antennas 101 directly 
to multiplies 107 and 108. 

[0044] It is thus possible in the second embodiment to 
obtain the same effect as the first embodiment. It is also 
possible to downsize a circuit configuration as com- 
pared to the first embodiment because the first and sec- 
ond weight controllers and the switch are integrated into 
one circuit (weight controller 401) that responds to the 
case of a rapid change of the radio signal's incoming 
direction. 

(Third embodiment) 

[0045] This embodiment is explained with reference to 
FIG.5 as well as the second embodiment. 
[0046] When propagation path switching instruction 
signal 106 is input from the external, weight controller 
401 performs concurrently the calculations of the 
weights on a received signal of a previous slot (one slot 
before) memorized in memory 102 and the calculation 
of the weights on a received signal of a current slot 
[0047] In the case where it is judged that further cal- 
culation ability is available, weight controller 401 calcu- 
lates each weights on the received signal memorized in 
memory 102 and on the received signal provided via 
plural antennas 101, in the same manner as the case 
where propagation path switching instruction signal 106 
is not generated. 

[0048] In the case where it is judged that further cal- 
culation ability is not available, the estimation accuracy 
in each slot is decreased. For example, the weights on 
the previous received signal is calculated in the first half 
of a slot, and the weights on the current received signal 
is calculated in the latter half of the slot. 
[0049] rt is thus possible, as well as the second 
embodiment to downsize a circuit configuration as 
compared to the first embodiment because the first and 
second weight controllers and the switch are integrated 
into one circuit (weight controller 401) that responds to 
the case of a rapid change of the radio signal's incoming 
direction. 

[0050] Further according to this constitution, it is pos- 
sible to calculate the weights using both the received 
signals memorized in memory 102 and the received sig- 
nal provided via plural antennas corresponding to the 
availability of calculation ability. In this manner, in the 
case where the radio signal's incoming direction is 
changed rapidly, weight controller 401 can calculate the 
weights using the received signal memorized in mem- 
ory 102 to output to multipliers 107 and 108, while cal- 
culates the weights using the received signal directly 
provided from plural antennas 101 . It is thus possible in 
multipliers 107 and 108 to multiply received signals pro- 
vided via plural antennas 101 by the weights obtained 
from a received signal closer to the current signal than 
that in the second embodiment 


(Fourth embodiment) 

[0051 ] FIG.6 illustrates a block diagram of a data com- 
munication apparatus according to the fourth embodi- 

5 ment of the present invention. In addition, some 
sections in the fourth embodiment illustrated in FIG. 6 
are assigned the same symbols as those of correspond- 
ing sections in the first embodiment illustrated in FIG.2 
and its explanation is omitted. 

10 [0052] FIG.7 is a block diagram illustrating a configu- 
ration of the data communication apparatus to explain 
the fourth embodiment of the present invention. 
[0053] The data communication apparatus in FIG.7 is 
primarily composed of plural antennas 101, the first to 

is the fourth antenna synthesis receivers 501a, 501b, 
501c and 501d respectively, the first to the fourth propa- 
gation path distortion compensators 502a, 502b, 502c 
and 502d respectively, adder 503, detector 505 and pro- 
file estimator 606. 

20 [0054] First to fourth antenna synthesis receivers 
501a to 501 d have the same internal configurations. 
Hence the internal configuration is explained with refer- 
ence to first antenna synthesis receiver 501a using 
FIG.7. 

25 [0055] First antenna synthesis receiver 501 a is com- 
posed of the first to the nth despreaders (in this case, 
three) 601 , 602 and 603. weight controller 604, multipli- 
ers 605a, 605b and 605c, channel quality estimator 607 
and adder 606. However any number of antennas in 101 

30 is available, the same number of despreaders as that of 
antennas in 101 is necessary. 
[0056] Despreaders 601 and 602 despread received 
signals provided from plural antennas 600a and 600b 
corresponding to timing signal 520a1 provided from pro- 

35 file estimator 506. 

[0057] Weight controller 604 receives detection signal 
522 output from detection circuit 505, channel distortion 
information 521a1 estimated by first propagation path 
distortion compensator 502a, synthesized signal 521 a2 

40 output from adder 606. output signals 616a and 616b 
from the first to the nth despreaders (in this case, two) 
601 and 602 and weights 502a2 output from profile esti- 
mator 506. Based on those received signals, weight 
controller 604 updates weights Wx (n) to multiply the 

45 outputs from despreaders 601 and 602. The update is, 
for example, in the case of using LMS algorithm, per- 
formed according to Equation (1) below, 

Wx(n)=Wx(n-1)+ ^G(n-1) e* (1) 

50 

where, ji:step factor, G: output signals 616a and 616b 
from the first to the n-th despreaders 601 and 602, 
^processing time and e*:conjugate complex. 
[0058] Herein, e is an error such as noise component, 
55 and given by e=x x y — Z , where x:detected signal 
522, y: channel distortion information 521a1 and z:syn- 
thesis signal. 

[0059] Weights W (x) thus calculated is input to murti- 
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pliers 605a and 60$), while output to profile estimator 
606 as illustrated by arrow 520a3. 
[0060] Multipliers 605a, 605b multiply output signals 
616a and 616b respectively from despreaders 601 and 
602 by weights Wx (n) to output to adder 606. Adder s 
606 adds output signals from multipliers 605a and 605b 
to generate synthesis signal 521a2 and outputs synthe- 
sis signal 521 a2 to weight controller 604, channel qual- 
ity estimator 607 and first propagation distortion 
compensator 502a. 10 
[0061 ] Channel quality estimator 607 determines the 
channel quality of synthesis signal 521a2 output from 
adder 606 and outputs the estimated channel quality 
information 620 to the external. However in the case 
where channel quality information 620 is not used in the is 
external, it is preferable to eliminate channel quality esti- 
mator 606. 

[0062] As the number of antenna synthesis receivers 
for performing the above processing, four is applied in 
this embodiment, i.e., the first to the fourth antenna syn- 20 
thesis receivers 501a to 50 1d. However it is preferable 
to apply any number of antenna synthesis receivers that 
is more or less than 4. 

[0063] In addition, first to fourth propagation path dis- 
tortion estimators 502a to 502d have the same configu- 25 
rations illustrated in FIG.6 as well as in the first and 
second embodiment. Therefor the configuration is 
explained below with reference to first propagation dis- 
tortion compensator 502a. First propagation path distor- 
tion compensator 502a is composed of propagation 30 
path estimation circuit 201 and propagation path distor- 
tion compensation circuit 202. Propagation path distor- 
tion estimation circuit 201 estimates a propagation path 
distortion in output signal 521 a2 from first antenna syn- 
thesis receiver 50 1 a. 35 
[0064] Propagation path distortion compensation cir- 
cuit 202 compensates the propagation path distortion 
estimated by propagation path distortion estimation cir- 
cuit 201 and outputs the compensation result to adder 
503, while returns the prorogation distortion to first 40 
antenna synthesis receiver 501a as 521 a1. 
[0065] Adder 503 adds (synthesizes) the compensa- 
tion results output from first to fourth propagation path 
distortion compensators 502a to 502d to output to 
detector 505. Detector 505 detects the synthesis result 45 
in adder 503 and outputs the detection result to a 
received signal processing circuit (not shown), while 
outputs the detection result to first to fourth antenna 
synthesis receivers 501a to 501 d as information for 
update of antenna weights. At this time, the output sig- so 
nal from 503 may be input directly to the received signal 
processing circuit to improve error correction perform- 
ance. 

[0066] Profile estimator 506 calculates despreading 
timing data 520a1 , 520b1 , 520c1 and 520d1 for first to 55 
n-th antenna synthesis receivers 501a to 502d by esti- 
mating radio signal's incoming timing based on the 
received signals provided via plural antennas 101 to 


output to each antenna synthesis receivers 501a to 
501d. 

[0067] Profile estimator 506 receives weights 520a3, 
52053, 520c3 and 520d3 to be provided to the antenna 
received signals of antenna synthesis receivers 501a to 
501 d respectively from antenna synthesis receivers 
501 a to 501d. Profile estimator 506 outputs either of the 
received weights 520a3 to 520d3 to corresponding 
either of antenna synthesis receivers 50 1a to 50 Id as 
an initial value (weights 520a2 to 520d2) according to 
despreading timing. 

[0068] For example, profile estimator 506 outputs the 
weights with the optimal despreading timing, which is 
selected from weights 520b3, 520c3 and 520d3 
received from second to fourth antenna synthesis 
receivers 501b to 50 1d, to first antenna synthesis 
receiver 501a as weights 520a2. 
[0069] The above processing is explained in detail 
below. In the case where a propagation path is 
changed, profile estimator 506 changes the despread- 
ing timing of either of antenna synthesis receivers 501a 
to 501d in which the propagation path is changed. 
When any of antenna synthesis receivers 501a to 501 d 
perform despreading at the despreading timing close to 
the changed despreading timing, the weighing coeffi- 
cient to be provided to the any of antenna synthesis 
receivers 501a to 501d is decided as the initial value. 
Profile estimator 506 instructs to antenna synthesis 
receivers 501a to 501 d to update the weights using that 
initial value. 

[0070] For example, in the case where a level of the 
ratio signals that synthesis receiver 501a has received 
attenuates rapidly, profile estimator 506 detects newly 
other radio signals and instructs despreading timing 
520a 1 to antenna synthesis receiver 501a to calculate 
an antenna synthesis weights for the newly detected 
radio signals to synthesize received signals provided 
from each antenna. 

[0071] At this time, when an incoming time of the 
newly detected radio signal and an incoming time of a 
radio signal that a weight controller corresponding to 
antenna synthesis receiver 501b in profile estimator 506 
has received are close, the despreading timing is close 
to an actual one. 

[0072] Then profile estimator 506 provides the 
antenna eynthesisweights, which is provided from sec- 
ond antenna receiver 501b as 520b3, to first antenna 
synthesis receiver 501a as 520a2. Antenna synthesis 
receiver 501a can start reception processing using 
weights close to an actual one by using weights 520a2 
as the initial value, thereby making it possible to improve 
reception performance. 

[0073] As described above, according to the fourth 
embodiment, it is possible to decrease an antenna's 
weight calculation time by comprising plural antennas 
1 0 1 . the first to n-th antenna synthesis receivers 50 1 a to 
501d for dividing received signals provided via plural 
antenna 101 according to the incoming time, calculating 
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weights for the divided radio signal to synthesize the 
received signals provided via plural antennas 101 , mul- 
tiplying the received signals provided via plural anten- 
nas 101 by the calculated weights to synthesize, and 
profile estimator 506 for, in the case where a new radio 
signal is detected, updating the weights to synthesize 
the newly detected radio signal using the weights 
already calculated in the first to n-th antenna synthesis 
receivers 501a to 501 d when an incoming time differ- 
ence between an already detected radio signal and the 
newly detected radio signal is small. 

(Fifth embodiment) 

[0074] FIG. 8 illustrates a block diagram of a data com- 
munication apparatus according to the fifth embodiment 
of the present invention. In addition, some sections in 
the fifth embodiment illustrated in FIG.8 are assigned 
the same symbols as those of corresponding sections in 
the first embodiment illustrated in FIG.2 and its explana- 
tion is omitted. 

[0075] The data communication apparatus illustrated 
in FIG.8 is primarily composed of plural antennas 101, 
first to fifth antenna synthesis receivers 701a, 701b, 
701c, 701 d and 70 1e respectively, first to fourth propa- 
gation path distortion compensators 702x, 702y, 702z 
and 702w respectively, adder 703, detector 705. profile 
estimator 707. and switch 706. 
[0076] In the above constitution, first to fifth antenna 
synthesis receivers 701a to 701 d have the same config- 
uration. Hence the configuration is explained with refer- 
ence to first antenna synthesis receiver 501a. An 
internal configuration of first antenna synthesis receiver 
701a is the same as that of first antenna synthesis 
receiver 701 that is explained in the fourth embodiment 
with reference to FIG. 7, except for that channel quality 
information 620 output from channel quality estimator 
607 illustrated in FIG.7 is input to profile estimator 707 
as 720a4 illustrated in FIG.8. 
[0077] In other words, 520a1 illustrated in FIG.7 cor- 
responds to 720a1 illustrated in FIG.8. In the same 
manner, 520a2 f 520a3, 620 (already explained), 522, 
521 a1 and 521 a2 correspond to respectively 720a2, 
720a3, 720a4, 722, 721a1 and 721a2. Signals indicated 
by the other symbols in FIG.8 are the same as those 
explained in the fourth embodiment. 
[0078] In addition, the number of antenna synthesis 
receivers 701a to 701d is five in this embodiment, how- 
ever it is preferable to apply more and less number than 
five. 

[0079] A configuration of first propagation path distor- 
tion compensator 702x is the same as that illustrated in 
FIG.3. That is, first propagation path distortion compen- 
sator 702x is composed of propagation path distortion 
estimation circuit 201 and propagation path distortion 
compensation circuit 202. 

[0080] Propagation path distortion estimation circuit 
201 estimates a propagation distortion of either of out- 


put signals 721a2 to 721 d2 respectively from antenna 
synthesis receivers 701a to 701 d selected by switch 
706 according to signal 723 output from profile estima- 
tor 707. 

s [0081] Propagation path distortion compensation cir- 
cuit 202 compensates the propagation path distortion 
estimated by propagation path distortion estimation cir- 
cuit 201 to output to adder 703, and returns the propa- 
gation path distortion to antenna synthesis receivers 

w 701a to 701 d via switch 706. The processing of each of 
propagation path compensators 702y, 702z and 702w is 
the same as that of propagation path compensator 
702x. 

[0082] Adder 703 synthesizes each compensation 
is result output from each of propagation path distortion 
compensators 702x to 702w to output to detector 705. 
Detector 705 detects the synthesis result output from 
adder 703 and outputs detection signal 722 to a recep- 
tion signal processing circuit (not shown) and also to 
20 antenna synthesis receivers 701a to 701 d as informa- 
tion to calculate the weights. 

[0083] Profile estimator 707 estimates an incoming 
timing of radio signals based on received signals pro- 
vided via plural antennas 101, calculates despreading 

25 timing data of each of antenna synthesis receivers 701 a 
to 701 e, and outputs the calculated despreading timing 
to each of antenna synthesis receivers 701 a to 701 e as 
720b1 , 720c1 , 720d1 and 720e1 respectively. Also pro- 
file estimator 707 receives each antenna synthesis 

30 weights from each of antenna synthesis receivers 701 a 
to 701d respectively as 720a3, 720b3, 720c3, 720d3 
and 720e3 and receives the channel quality as 720a4, 
720b4, 720C4, 720d4 and 720e4. 
[0084] In addition, when a propagation path is 

35 changed, profile estimator 707 changes despreading 
timing of either of antenna synthesis receivers 701a to 
701 e in which the propagation path is changed. In this 
case, as described in the fourth embodiment, it is pref- 
erable, if any of antenna synthesis receivers 701a to 

40 701 e has despread at despreading timing close to that 
to be changed, to start updating the weights using the 
antenna's weights with that despreading timing as an 
initial value to reduce an estimation time for the weights. 
However it is also preferable not to perform the above 

45 processing. 

[0085] Further, profile estimator 707 outputs signal 
723 to switch 706. Signal 723 is generated based on 
channel quality information 720a4, 720b4, 720c4, 
720d4 and 720e4 to instruct to switch 706 to assign 

so radio signals received in each of antenna synthesis 
receivers 701 a to 701 e to each of propagation path dis- 
tortion compensators 720x to 720w in order of higher 
channel quality of radio signals. 
[0086] For example, when first antenna synthesis 

55 receivers 701a has received radio signals of which 
channel quality is the lowest among in radio signals of 
antenna synthesis receivers 701a to 701 e, second 
antenna synthesis receiver 701b is connected to first 
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propagation distortion compensator 702x, third antenna 
synthesis receiver 701c is connected to second propa- 
gation distortion compensator 702y, fourth antenna syn- 
thesis receiver 701d is connected to third propagation 
distortion compensator 702z, and fifth antenna synthe- 
sis receiver 701 e is connected to fourth propagation dis- 
tortion compensator 702w. 

[0087] Since the channel quality is thus determined 
after the antenna's weights are multiplied, it is possible 
to estimate conditions of a propagation path more 
exactly. As a result, it is possible to improve reception 
performance. 

[0088] As described above, according to the fifth 
embodiment, profile estimator 707 assigns input signals 
to each of antenna synthesis receivers 701a to 701e to 
each of propagation path distortion compensators 702x 
to 702w according to the order of higher channel quality 
of the input signals. It is thus possible to select radio sig- 
nals corresponding to the channel quality of the radio 
signals that are used in an antenna weighting synthesis 
to synthesize when a plurality of incoming signals are 
synthesized, ft is thereby possible to improve the recep- 
tion performance as compared to the conventional tech- 
nique and to reduce a hardware scale as compared to 
the data communication apparatus in the fourth embod- 
iment. 

(Sixth embodiment) 

[0089] The sixth embodiment is explained with refer- 
ence to FIG.8 as well as the fifth embodiment 
[0090] In the fifth embodiment, profile estimator 707 
synthesizes different radio signals as many as possible 
using not only channel quality information 720a4, 
720b4, 720c4, 720d4 and 720e4 t but also antenna syn- 
thesis weights 720a3, 720b3, 720c3, 720d3, 720e3 and 
despreading timing 720a1 as a selection criterion in 
controlling switch 706. 

[0091 ] For example, in the case of comparing channel 
qualities, since it is possible to predict the correlation of 
radio signals received in antenna synthesis receivers 
701b or 701c is high if weights of 720b4 and 720c4 are 
close and despreading timings are also close even 
when 720a4 is the lowest, it is possible to select only 
higher channel quality and assign antenna synthesis 
receiver 701a to the last propagation path distortion 
compensator. 

[0092] Profile estimator 707 thus operates, which 
makes it possible to select radio signals with no correla- 
tion of propagation path distortion, thereby allowing 
improving of reception performance. In addition, the 
number of antenna synthesis receivers or propagation 
path distortion compensators is not limited. 
[0093] As described above, according to the sixth 
embodiment, it is possible to synthesize not only radio 
signals with different channel qualities but also racfio 
signals with different weights to synthesize signals input 
from plural antennas 101. Since incoming radio signals 


from different directions are thus synthesized, it is pos- 
sible to select radio signals with no correlation fading to 
synthesize. As a result, it is possible to improve the 
reception performance. 

5 

(Seventh embodiment) 

[0094] The seventh embodiment is explained with ref- 
erence to FIQ.8 as well as the fifth embodiment. 

10 [0095] In this embodiment, received signals provided 
via plural antennas 101 are divided according to the 
direction of arrival and time. In the fifth embodiment, 
antenna synthesis receivers 702x to 702w are provided 
for each direction of arrival and each despreading tim- 

15 ing, and each output is provided to propagation path 
distortion compensators 702x to 702w. 
[0096] Outputs from propagation path distortion com- 
pensators 702x to 702w are subjected to weighted syn- 
thesis corresponding to the channel quality. Or, in the 

20 same configuration as the sixth embodiment, antenna 
synthesis receivers 701a to 701e are provided for each 
direction of arrival and each despreading timing, and 
switch 706 is controlled so that signals are assigned to 
a propagation path distortion compensator according to 

25 the order of higher channel quality. 

[0097] When antenna synthesis receivers 701a to 
701 e are capable of high-rate calculation, it is preferable 
to operate antenna synthesis receivers 701a to 701 e in 
time division to reduce a circuit scale. It is possible to 

30 estimate more details of propagation conditions and to 
improve calculation assurance for antenna synthesis 
weights, which allows improving of the reception per- 
formance. 

[0098] As described above, a data communication 
3s apparatus according to the seventh embodiment com- 
prises a section for dividing received signals according 
to the incoming direction and time and a section for cal- 
culating weights to synthesize inputs from plural anten- 
nas for each divided radio signal, which makes it 
40 possible to divide radio signals according to the direc- 
tion of arrival and time, and to perform weighted synthe- 
sis of radio signals in further detail, thereby allowing 
improving of reception performance. 

45 (Eighth embodiment) 

[0099] In the eighth embodiment, the weights for 
antenna synthesis calculated according to either of the 
first embodiment to the seventh embodiment are mutti- 

50 plied to transmit from plural antennas. This processing 
improves reception performance of a partner side, 
thereby making it possible to improve the transmission 
performance as compared to a conventional data com- 
munication apparatus. 

55 [0100] As descrfced above, according to the eighth 
embodiment, since the weights to synthesize radio sig- 
nals provided via plural antennas 101 are used to trans- 
mit weighted reception signals from plural antennas 
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101, it is possible to improve not only reception perform- 
ance but also transmission performance. 
[0101] As apparent from the above-description, 
according to the present invention, even in the case 
where the radio signal's direction of arrival changes rap- s 
idly, rt is possible to receive radio signals without deteri- 
orating reception performance. In other words, in the 
case where the channel quality deteriorates by a rapid 
change of the radio signal's direction of arrival, the sec- 
ond weight control section calculates in advance 10 
weights to be used after the channel quality deteriorates 
before multiplying received signals by weights to syn- 
thesize received signals provided via plural antennas, tt 
is thereby possible to receive radio signals without dete- 
riorating reception properties even in the case where is 
the channel quality deteriorates due to the rapid change ' 
of the signal's direction of arrival. 
[01 02] Also it is possible to update weights to synthe- 
size newly detected radio signals using the initial value, 
which makes it possible to reduce an antenna's weights 20 
calculation time. 

[0103] Further, it is possible to improve not only recep- 
tion performance but also reception performance by 
using weights to synthesize radio signals provided via 
plural antennas to transmit weighted transmission sig- 25 
nals from plural antennas. 

[01 04] This application is based on the Japanese Pat- 
ent Application No. HEI9-363616 filed on Dec.16, 1997, 
entire content of which is expressly incorporated by ref- 
erence herein. 30 

Claims 

1 . A data communication apparatus comprising: 

35 

a plurality of antennas (101); 

memorizing means (102) for memorizing 

received signals provided via said plurality of 

antennas; 

first weight controlling means (103) for calculat- 40 
ing the first weights by which each of said 
received signals provided via said plurality of 
antennas is weighed to be synthesized; 
second weight controlling means (104) for cal- 
culating the second weights using said 45 
received signals provided via said plurality of 
antennas; 

multiplying means for multiplying each of said 
received signals provided via said plurality of 
antennas by said first weights, while multiplying so 
each of said received signals provided via said 
plurality of antennas by said second weights 
when a channel quality of a radio signal deteri- 
orates; 

adding means(109) for synthesizing the multi- 55 
plication result; 

compensating means(110) for estimating a 
deterioration of the channel quality of the radio 


signal using the synthesis result to compen- 
sate; and 

detecting means (111) for detecting the com- 
pensation result to output to said first weighing 
coefficient controlling means and said second 
weight controlling means as a parameter to cal- 
culate said first weighing coefficient and said 
second weights . 

2. The data communication apparatus according to 
claim 1, wherein said compensating means (110) 
estimates a distortion of a propagation path of the 
radio signal to compensate. 

3. The data communication apparatus according to 
claim 1, wherein said second weights controlling 
means (104) operates to calculate the weights 
when the channel quality of the radio signal deteri- 
orates. 

4. The data communication apparatus according to 
claim 1, wherein while one of said first weighing 
coefficient controlling means (103) or said second 
weight controlling means (104) operates, the other 
one of said first weighing coefficient controlling 
means (103) or said second weight controlling 
means (104) suspends an operation. 

5. The data communication apparatus according to 
claim 1 , wherein in said memorizing means (102), a 
predetermined number of slots of said received sig- 
nals provided via said plurality of antennas (101) 
are memorized according to an order of inputting, 
and output to said first weight controlling means 
(103) according to an order of memorizing. 

6. The data communication apparatus according to 
claim 1 , wherein said first weighing coefficient con- 
trolling means (103) and said second weight con- 
trolling means (104) estimate the radio signal's 
direction of arrival of said received signals provided 
via said plurality of antennas (101) by calculating 
the weighing coefficient. 

7. A data communication apparatus comprising: 

a plurality of antennas (101); 
memorizing means (102) for memorizing 
received signals provided via said plurality of 
antennas (101); 

weight controlling means(401) for calculating 
the first weights by which each of said received 
signals provided via said plurality of antennas 
(101) is weighed to be synthesized, while when 
a channel quality of a radio signal deteriorates, 
suspending to calculate said first weights and 
calculating a second weights using said 
received signals provided via said plurality of 
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a plurality of compensating means(702x-w) for 
estimating a deterioration of a channel quality 
of a radio signal using the synthesis result by 
said plurality of antenna synthesis receiving 
5 means(701a-e) to compensate; 

adding means (703) for synthesizing the com- 
pensated result by said plurality of compensat- 
ing means (702x-w); and 
detecting means (705) for detecting the synthe- 
10 sis result by said adding means (703) to output 

to said plurality of antenna synthesis receiving 
means (701 a- e) as a parameter to calculate 
said weights. 


antennas; 

multiplying means for multiplying each of the 
memorized received signals by said first 
weights, while when the channel quality of the 
radio signal deteriorates, multiplying each of 
said received signals provided via said plurality 
of antennas by said second weights; 
adding means (109) for synthesizing the multi- 
plication result; 

compensating means (110) for estimating a 
deterioration of the channel quality of the radio 
signal using the synthesis result to compen- 
sate; and 

detecting means (111) for detecting the com- 
pensation result to output, to said weighing is 
coefficient controlling means (401) as a param- 
eter to calculate said first weighing coefficient 
and said second weights. 

8. The data communication apparatus according to 20 
claim 7, wherein in the case where it is decided that 
said weight controlling means (401) has a further 
ability to calculate the weights, said weight control- 
ling means (401) calculates said first weights and 
said second weighting coefficient. 25 

9. The data communication apparatus according to . 
claim 7, wherein in the case where it is decided that 
said weight controlling means does not have a fur- 
ther ability to calculate weights, said weight control- 30 
ling means (401) calculates said first weighting 
coefficient in a first half of a received signal slot that 

is a unit for a weight calculation, and calculates said 
second weights in a latter half of the received signal 
slot 35 

1 0. A data communication apparatus comprising: 

a plurality of antennas (101); 
a plurality of antenna synthesis receiving 40 
means(701a-e) fa dividing received signals 
provided via said plurality of antennas (101) 
according to a difference of incoming time, cal- 
culating the weights to synthesize the divided 
received signal and multiplying said divided as 
received signal by the calculated weighing 
coefficient to synthesize; 
profile estimating means (707) for newly 
detecting a received signal provided via said 
plurality of antennas (101); so 
weight controlling means for updating the 
weights to synthesize the newly detected 
received signal using the weights that is 
already calculated at said plurality of antenna 
synthesis receiving means(70 1 a-e) as an initial ss 
value when incoming time of said newly 
detected received signal is close to that of an 
already detected received signals; 


11. The data communication apparatus according to 
claim 10, wherein said plurality of antenna synthe- 
sis receiving means(701a-e) comprise channel 
quality estimating means(702x-w) for determining a 
channel quality of a radio signal using the synthesis 
result of a multiplication of the received signal 
divided according to incoming time by the weights. 

12. The data communication apparatus according to 
claim 11, wherein the profile estimating means 
(707) assigns the received signals provided from 
the plurality of antenna synthesis receiving means 
to the plurality of compensating means (702x-w) 
according to a higher order of channel quality 
based on channel quality information from said 
channel quality estimating means. 

13. The data communication apparatus according to 
claim 11, the profile estimating means (707) 
assigns the received signals provided from the plu- 
rality of antenna synthesis receiving means(701a- 
e) to the plurality of compensating means so that 
radio signals having different weights to synthesize 
received signals provided via the plurality of anten- 
nas (101) along with different channel quality infor- 
mation are synthesized. 

14. The data communication apparatus according to 
claim 1 1 , wherein the plurality of antenna synthesis 
receiving means(701a-e) divide received signals 
according to an incoming direction and incoming 
time, and calculates a weights for each divided 
radio signal to synthesize the received signals pro- 
vided via said plurality of antennas (101). 

15. The data communication apparatus according to 
claim 1, wherein said apparatus multiplies a trans- 
mission signal by the weights to synthesize the 
received signals provided via the plurality of anten- 
nas to transmit from the plurality of antennas. 

16. A data communication method comprising the 
steps of: 
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memorizing received signals provided via a 
plurality of antennas; 

calculating the first weights by which each of 
said received signals provided via said plurality 
of antennas is weighed to be synthesized; s 
calculating the second weights using said 
received signals provided via said plurality; 
multiplying each of said received signals pro- 
vided via said plurality of antennas by said first 
weights , white when a channel quality of a 10 
radio signal deteriorates, multiplying each of 
said received signals provided via said plurality 
of antennas by said second weights; 
synthesizing the multiplication result; 
estimating a deterioration of the channel quality is 
of the radio signal using the synthesis result to 
compensate; and 

detecting the compensation result to output to 
said first weighing coefficient controlling means 
and said second weight controlling means as a 20 
parameter to calculate said first weighing coef- 
ficient and said second weights. 


detecting a new received signal provided via 
said plurality of antennas; 
updating weights to synthesize the received 
signal newly detected using the weights that 
are already calculated at said plurality of 
antenna synthesis receiving means as an initial 
value when incoming time of said received sig- 
nal newly detected is close to that of an already 
detected received signals; 
estimating a deterioration of a channel quality 
of a radio signal using the synthesis result to 
compensate; 

synthesizing the compensated result; and 
detecting the synthesis result to use as a 
parameter to calculate said weights . 

22. The data communication method according to 
claim 21, wherein said method further comprises 
the step of determining a channel quality of a radio 
signal using the synthesis result of a multiplication 
of the divided received signal according to an 
incoming time by the weights. 


17. The data communication method according to 23. The data communication method according to 
claim 16, wherein said second weights are calcu- 25 claim 22. wherein said method further comprises 
lated when the channel quality of the radio signal the step of estimating a deterioration of the channel 
deteriorates. quality in the received signals provided via the plu- 
rality of antennas to compensate according to a 

18. The data communication method according to higher order of channel quality in the received sig- 
claim 16, wherein while one of said first weighing 30 nals. 

coefficient or said second weights are calculated, 

the other one of said first weighing coefficient or 24. The data communication method according to 

said second weights are not calculated. claim 22, wherein said method further comprises 

the step of synthesizing radio signals having differ- 

19. The data communication method according to 35 ent weights to synthesize received signals provided 
claim 16, wherein a predetermined number of slots via the plurality of antennas along with different 
of said received signals are memorized according channel quality information. 

to an order of inputting when the received signals 

provided via said plurality of antennas are memo- 25. The data communication method according to 

rized. and said first weights are calculated accord- 40 claim 21, wherein said method further comprises 

ing to an order of the memorizing. the steps of dividing received signals according to 

an incoming direction and incoming time, and of 

20. The data communication method according to calculating the weights for each divided radio signal 
claim 16, wherein the said received signal's direc- to synthesize the received signals provided via the 
tion of arrival direction provided via said plurality of 45 plurality of antennas. 

antennas is estimated by calculating said first 

weighing coefficient and said second weights . 26. The data communication method according to 

claim 16, wherein said method further comprises 

21. A data communication method comprising the the step of multiplying a transmission signal by the 
steps of : so weights to synthesize the received signals provided 

via the plurality of antennas to transmit from said 

dividing received signals provided via the plu- plurality of antennas, 
ralrty of antennas according to a difference of 
incoming time; 

calculating the weights to synthesize the 55 
divided received signal; 
multiplying said divided received signal by the 
calculated weighing coefficient to synthesize; 
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